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AERODYNAMICLOIDSONAN EXTERNALSTOREADJACENTTO

WINGAT MACHNUMBERSFROMO.YO

INCLUDINGAN EVALUirTION

OFTECHNIQUESUSED

ByLawrenceD.GuyandWilliam

s~

Aerodmamicforces~d momentsmve beenobtainedintheLangley
9- by 12-&chblowdo~mtunnelonan externalstoreandona 45° swept-
backwing-bodyconibina.tionmeasuredseparatelyatMachnumbersfrom0.70

,, to 1.96.Thewingwascantileveredandhadanaspectratioof4.0;the
storewasindependentlysting-mountedandhada DouglasAircraftCo.

. (DAC)storeshape.Theangle-of-attackrangewasfrom-3°to I-2°and
theReynoldsnumber(basedonwingmeanaerodynamicchord)vsriedfrom
1.2x 106 tO i.7x 106. Wing-bcdytransonicforcesandmomentshavebeen
compsredwithdataofa geometricallysimilarfull-scalemodeltestedin
theLangley16-footand8-foottransonictunnelsinordertoaidinthe
evaluationoftransonic-tunnelinterference.

Theprincipaleffectofthestore,forthepositionstested,was
t@t ofdelayingthewing-fuselagepitch-uptendencytohigheranglesof
attackatMachnumbersfrom0.70to 0.90ina mannersimilartot.$a.tof ,
a wingchordextension.Themostcriticalloadingconditiononthestore
wasthatdueto sideforce,notonlybecausetheloadswereof ltige
magnitudebutalsobecawetheywereb“thedirectionofleaststructural
strengthofthesupportingpylon.Thesesideloadsweregreatestathigh
anglesofattackinthesupersonicspeedrange.Removalofthesupporting
pylon(orincreasingthegapbetweenthestoreandwing)reducedtheval-
uesofthe%riationof side-forcecoefficientwithangleofattackby.
about50percentatalltestMachnumbers,indicatingthatimportant
reductionsinstoresideforcemaybe realizedbyproperdesignorloca-
tionofthe”necessarysupportingpylon.A changeofthestoreskewangle
(noseinboard)wasfoundtorelievetheexcessivestoresideloadsthrough-
outtheMachnuniberrange.Itwasalsodeterminedthattherelativeposi-
tionofthefuselagenosetothestorenosecanappreciablyaffectthe
storesideforcesat supersonicspeeds.-,
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INTRODUCTION

Continueduseof externalstoresonhigh-speedaircrafthasnecessi-
tatedextensiveinvestigationoftheireffectsonaircraftperformance
characteristicsandalsooftheeffectsoftheaircraftW@ andfuselage
interferenceontheetiernal-storeloads.Arearuleconceptshavebeen
showntoapplytothedeterminationofthedragofaircrati-storeconfig-
urationsattransonicspeedsand,to someextent,supersonicspeeds
(ref.1). Additionalinformationontheeffectsofstoresize,shape,and
positiononaircraftperformanceat supersonicspeedsisreportedinref-
erences2 and3. Mormationonexternal-storeloadsattransonicand
supersonicspeeds,however,is relativelymew-j althoughconsiderable
workhasbeendoneathighstisonicspeeds(refs.4 and5, forexample)
andtheeffectsofstorepositiononthestoreloadsat lowanglesof
attackhavebeenextensivelyinvestigatedatMachnumber1.6 (ref.6).
Thereis considerableneedforinformationonexternal-storeloadsat
transonicandsupersonicspeedsbothfromthestandpointofstructural
supportdesignandasanaidtotheestimation~f jettisoningcharacter-
istics. Inordertoprovidethisinformation,theexploratoryinvesti-
gationconduct&iintheLangley9-by 12-inchblowdowntunnelofthe
effectsof storesontheaerodynamiccharacteristicsofa 45°swepttingj
anunsweptwing,anda 60°deltawing(refs.2, 7,8,and9)hasbeen
extendedto includethemeasurementof storeloads.Thepresentreport
presentsdataforthestoreinthepresenceof,butnotattachedto,the
semispan45°sweptbackwing-bodycombinationofreference7.

Thesemispanwinghad45° sweepbackjanaspectratioof4,a taper
ratioof0.6, andNACA65Ao@airfoilsections.Thestore,whichhada
DouglasAircraftCompany(DAC)shape,wassting-mountedindependentlyof
thesemispan-wing-bodyconibinationandatnotimewasitattachedorin
contactwiththewing. Forcesandmomentsonthestoreandonthewing-
bodycombinationweremeasuredsimultaneouslythrough’anangle-of-attack
rangeof -3°to 12°fora limitednumberofstorepositions.Testswere
madeinthetransonicslottednozzleatMachnuuibers%etween0.7and1.2,
andatReynoldsnunibersbetween1.3x 106and1.7x 1($. Testsweren=de
inthreesupersonicnozzlesatlhchnumbersof1.41 1.62, and1.96and

~forReynoldsnumbersbetween1.2x 106and1.5x 10 . Tunnel-boundary
interferenceeffectsonwingangle-of-attackloadingforthetransonic
nozzlearelargelyunknownandtheoreticalcorrectionsareunava-ble.‘
Consequently,datawereobtained~ thetransonicnozzleforthe45° swept-
backwingin combinationwitha differenttestbodysothattheresults
mightbe comparedwiththoseoftestsofa geometricallysimilarfuJ1-span
modelintheLangley16-and8-foottransonictunnels.Thetestresults
forthemodelintheLangley16-foottransonictunnelareconsideredto
be essentiallyinterferencefreebecauseofthesmallsizeofthemodel
relativetothetunneltestsection.Inadditiontothewingemployed

.
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inthestoreinvestigation,a secondandsmaller
identicaltothefirstexceptforsizewasbuilt
theevaluationofinterferenceeffects.
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localwingchord

wingspan(twicedistancefromrootchordtowingtip)

storemaximumcross-sectionalfrontalmea

closedlengthof storeorfuselage

angleofattack,deg

minimumdistancefromwinglowersurfaceto storeIongitud5nal
axis(positivedown).

madmnnstorediameter

chordwisedistancefromlineperpendicularto ~ at quarter-
chordstationto store0.47point r

spanwisedistancefromwing-rootchordto storelongitudinal
axis

free-streamvelocity

Reynoldsnumberbasedon E

Machnuuiber

originalfuselage

long-nosefuielage

skewanglebetweenstorecenterlineandfuselageaxis,deg

%’ %?f incrementinvalueof C%) ~’ c% due
topresenceofstore

duetopresence

d
G

rateofchangeof coefficientwith

d
q

rateofchangeof coefficientwith

k *
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ofstore

ofattack
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Hft coefficient
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Subscripts:

Wf wingandfuselage

Wi wingandinterference

s store

P pylon

f fuselage

5
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MODELS

Theprincipaldimensionsofthesemispan-wing-bodyccmibinations
areshowninfiguresl(a)andl(b).Eachwinghad45°sweepbackofthe
quarter-chordline,anaspectratio,of4.o,a taperratioof0.6, and
NACA65AO06airfoilsectionsparallelto theairstream.Thesemispan
wing,showninfigurel(a)inccmibinationwitha testbodyconsisting
ofa halfbodyofrevolutionanda 0.25-inchshim,wasusedexclusively
inconnectionwiththeetiernal-storetivestigation.Thesamewingis
showninfigurel(b)h conibinationwitha differenttestbody.Also
showninfigurel(b)isa smallerwing-bcdycombination,geometrically
similartothefirstexceptforthewingtip. Thewingswerefabricated
fromheat-treatedsteelandthebluntstreamwisewingtipofthelarger
wingwasnotfaired.

TheexternalstorehadaDAC shapeanda finenessratioof8.58,
basedontheclosedlength.Thestorewasmadeofsteelandcutoffat
80percentof itsclosedlengthtopermitentryofan internalelectrical
strain-gagebalance.Storeordinatesandsting-mountingarrangementsare
giveninfigure2 anda photographofa typicaltestconditionisshown
infigure3. The0.42positionofthestorecoincidedwiththelongi-
tudinalpositionofthewing0.25Eforalltests.

Thestruts,orpylons,weremadeofbrassandattached,by pinning
andsweating,tothewingsurfacebutnottotheexternalstore.The
sweptandunsweptstrutshadNACA65Aairfoilsectionsandthickness
ratiosof0.03and0.10,respectively,paralleltothefree-streamdirec-
tion. Thesweptstruthada chordlengthof0.6176andtheunsweptstrut,
a chordlengthof0.4705.In eachcasetheleadingedgeofthestrutwas
locatedattheleadingedgeofthewing. Theconfigurationstestedand
therehtivestorepositionsarepresentedh figure4.

.
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ThetestsweremadeintheLangley9-by 12-inchblowdowntunnel,
.

whichissuppliedwithcompressedairat 2 to2+atmospheresby the
3

Langley19-footpressuretunnel.Theairispassedthrougha drying
agentofsilicagelandthenthroughfinnedelectricalheatersinthe
regionbetweenthe19-foottunnelandtheblowdowntunneltestsection
to insurecondensation-freeflowat supersonicspeedsinthetestregion.
Thecriteriausedforthedryingandheatingnecessarytoreducetheair
dewpointQelowcriticalvaluesaregiveninreference10.

Threeturbulencedampingscreensareinstalledinthesettling
chaniberbetweentheheatersandthetestregion.Fourinterchangeable
nozzleblocksprovidetestsectionlhchnuuibersof0.70to 1.20,1.41,
1.62, ~d 1.g6.

SupersonicNozzles

Extensivecalibrationsofthetest-sectionflowcharacteristicsof
thethreesupersonicfixednozzleshavebeenmadepreviouslyandare
reportedinreference11. Thecalibrationresultsindicatedthefol-
lowingtestsectionflowconditions:

AverageMachnumber... . . . . ... . 1.41 1.62 1.96
MaximumdeviationinMachnumber. . . *o.@ @.01 -+o.~
Maximumdeviationinstream
angle,deg . . . . . . . . . . . . . to.25 to.20 ~oopo

AverageReynoldsnumber(basedon C
oflarge-mcdel). . . . . . . . . . . 1.5X106 1.3x 106 1.2X 106

TransonicNozzle

A descriptionofthetransonicnozzle,whichhasa 7-by 10-inch
rectangulartestsection,togetherwitha discussionoftheflowcharac-
teristicsobtainedfromlimitedcalibrationtestsispresentedinrefer-
ence12. Satisfactoryflowconditionsinthetestsectionareindicated
fromtheminimumMachnuniber(0.7)to M =1.2. Maximumdeviationsfrom
theaveragetestsectionMachnumberaregiveninfigure5(a). Stream-
angledeviationprobablydidnotexceedtO.1°atanyMachnumber.The
averageReynoldsnuuibersofthetestsareshowninfigure5(b)asa func-
tionofMachnuniber.
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TESTTECHNIQUE

Thesemispam-wing-fuselagemodelswere
componentst~ain-gagebalancesetflushwith
anteandmodelrotatedtogetherastheangle

cantileveredfroma five-
thetunnelfloor.Thebal-
ofattackwaschanged.The

aerodynamicforcesandmomentsonthemodelweremeasuredwithrespect
tothebalanceaxesand,insomecases,thenrotatedtothewindaxes.
Thefuselagewasseparatedfromthetunnelfloorby a 0.25-inchaluminum
shim,whichhasbeenshowninreferences13and14tominimizetheeffects
oftheboundarylayerontheflowoverthefuselagesurface.A clearance
gapofabout0.010inchwasmaintainedbetweenthefuselageshimandthe
tunnelflqprwithnowindload.

Theexbernalstorewasattachedtotheforwardendofan internal
four-componentstrain-gagebalance.Thedownstreamendofthebalance
stingwassupportedby a strutfromthetunnelfloor,andthestoreand
stingpivotedabouta point12.25inches(5.175)downstreamofthe
wing E/4. Thestoreangleofattackandpositionina directionnormal
to itsownaxiswerecontrollabledurtigtestswithinlimitsandper-
mittedanangle-of-attackrangeofabout6°pertestrun. Thesting
supportwasrepositionedbetweentestsandthreerunswererequiredto
obtaindatathroughouttheangle-of-attackrangefrom-3°to 12°.

Twosmallelectricalcontactsonthesideofthestorenearestthe
wingpermittedalinementofthestorewiththepylonandalsogavean
indicationoffoulingbetweenthetwo. A minimumgapofabout0.02inch
wasmaintainedatalltimesunlessotherwisestated.

ACCURACY

An estimateoftheprobable
by instrument-readingerrorsand
inthefollowingtable:

CL. . . . . . . . . . . . . . .
c% . . . . . . .. . . . . . .

c%“ “ “ “ “ “ ““ “ “ “ ““ “
‘%””””””””””””’”
a, deg. . . . . . . . . . . . .
c~s,cys. . . . . . . . . . . .

%c%’.”.....”.”.
~, deg . . . . . . . . . . . .

OFMEASUREMENTS

errorsintroducedinthepresentdata
measuring-equipmenterrorsarepresented

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. ..-— .—..._,_ .._ __ —.—
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b

p~,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . ~o.zo

x. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘ ~o.ol~~
Y. .“ . . “ ““ .“ .. . “ . “ “ . . . . . . . . . . . . .

~o.olb/2
z. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . tO.03dB

Chordforceonthesemispan-wing-bodycombinationinthepresence
oftheexternalstorewasmeasuredbutnotpresentedbecauseofthe
unreliabilityoftheresults.Forthisreasonmeasurednormalforces
forthisconditioncouldnotbe rotatedtothewindaxesandpresented
aslift.Chordforceswereinerrorby anunlmownamountbecauseofthe
pressuredisturbancesoriginatingatthebaseofthestrutsupporting
thestorebalance.Thesedisturbancesweretransmittedforwardthrough
thetunnelboundarylayertothebaseofthetestbody. Pressuremeas-
urementsatthebaseofthetestbodywithandwithoutstrutintunnel
indicatedthatat supersonicspeedstheseeffectswereverysubstantial.
Therewasalsosomeevidencethatpressuredisturbancesoriginatingat
thesupportstrutweretransmittedforwardthroughthewingwakeand
therebyaffectedthewingloadingata Machnumberof1.41at large
anglesofattack;consequently,theangle-of-attackrangeatthisMach
numberhasbeenarbitrarilylimited.Thedatapresentedarebelieved
tobe freeofthisinterference.

Themeasurementaccuracygivenpreviouslyforthestoreangleof
attackreferstotheanglebetweenthestoreandthewhg anddoesnot
includeinaccuraciesinmeasurementofthdwing-~elageangleofattack.
Theminhumgapandthealinementbetweenstoreandwinginthepitching
planewasfixedby settingtheheightsof.theelectricalcontactsonthe
storewiththewindoff. Alinementduringtestswasdeterminedlysimul-
taneousmakingorbreakingofthetwoelectricalcontactsonthestore.
Theverticalpositionwasthendeterminedby meansofa calibratedlead
screwwhichmoved’thestoreno-l to itslongitudinalaxis.Therefore,
thestoreangleofattackandverticalpositionrelativetothewingwere
essentiallyindependentofdeflectionofthestoresupportingsystemor
ofthewingduetoairloads.Inthelateralplane,thestore-position
measurementaccuracywasdeterminedprincipallyby thedeflectionofthe
balancestingduetoairloadsonthestoreandsting.Thesedeflections
weredeteminedfromstaticloadcalibrations.Thelongitudinalloca-
tionofthestorewasfixedbeforeeachrun. Theaccuracygivenprevi-
ouslywasessentiallythevariationin x relativetothewingduring
eachrunduetothedifferentpointsofrotationofthewingandthestore.

Testsofthestorealoneweremadebothwiththeelectricalcontacts
raisedandwith
ferencesinthe
accuracies.

“

.

thecontactsfaired.smoothwiththe
measuredloadswerewellwithinthe

storesurface.Dif-
statedexperimental

d

,,
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COMPARISONOFTRANSONICNOZZLEDATAWITHDATAFROMOTHERFACILITIJZS

Thesemispanwingsandhalfbodiesofrevolution(fig.l(b))were
geometricallysimilartothefull-spanmodeltestedinthetransonic
tunnelsexceptforthestreamwisetipofthelargerofthetwosanispan
wings. Thefull-spanmodelwithitsthree-cmnponentinternalelectrical
strain-gagebalanceandthe18-inchportionofthesupportstingimmedi-
atelyrearwardofthemodelwastestedinboththeLangley16-footand
8-foottransonictunnels(refs.15and16). Dimensionaldetailsofthe
wingandfuselage,whichwerebothmadeofsteel,sregivenin figurel(b)
andaredescribedmorefullyinreference16.

Thewingofthelargersemispanmodel,whichwasthesamewingas
showninfigurel(a)witha differenttestbody,willbe referredto
hereinasthelsrgewingormodel,andthesmallerbluwdown-tunnelmodel
(fig.l(b))willbe referredto asthesmallmodel.Thefull-spanmodel
usedinthetestsintheLangley16- and8-foottunnelwillbe referred
to asthestingmodel.Therelativesizesofthevariousmodelsandof
thetunneltestsectionsaregivenintableI. Theblowdown-tunnel
nozzleincludingthereflectedimageofthe’testsectionnozzlewalls
andsemispanmodelwouldco&espondto a 10-by 14-inchsectionslotted
onallfoursideswiththemodelspanoccupyingthelongestdimension.

ThevariationoftheReynoldsnumberwfthMachnumberispresented
in figure5(b)fortheblowduwntunnel,&foot,and16-foottunneltests.
Theaccuracyofthepresentedlift,drag,andpitching-momentcoefficients
forthe8-and16-foottunneltestswereestimatedtobe within*O.02,
tO.002-andt0.00k,respectively(ref.15). Machnumberaccuracyofthe
testsectionforbothlsrgetunnelswasfO.O@.

DiscussionofComparisons

Thesemispantesttechniqueanployedintheblowdowntunneldoes
notpetit directcomparisonofthebasicdatawiththoseobtsinedfor
full-spansting-mountedmodels,principallybecausethetestbodyinthe
fonmxcasewasmodifi~by theboudary-lqrershim.Consequently,it
wasnecessaryto subtracttheforceandmcxnentcoefficientsofthefuse-
lage,ortestbody,fromthoseofthewing-fuselagecombinationsinall
casesandcompareonlythewingplusinterferencevaluesthusobtained.

Variationsof liftcoefficientwithangleofattack,pitching-moment
coefficient,bending-momentcoefficientanddragdueto llftcoefficient
forthewingplusinterferencesrepresentedinfigure6. Ccmrparisons

oftheslopeparameters%&%
da

‘c%
numberinfigure7.

areplottedagainstMach

. —.— ._—___ - . _ _ — — — ___ . _ .__. . .
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LJft.-At subsonicMachnumberstheliftcharacteristicsofboth
the1- andsmallmodelswereinexcellentagreementwiththesting-
modelresultsupto aboutanangleofattackof8°. At higherangles
ofattacktheagrementwasnotsogoodand,forthesmallwing,the
breakintheliftcurvesappearstohavebeendelaydtohigherangles
of attack.Betteragreementwasshownforthelargemrxlelexceptbetween
Machnumbers0.98and1.o6wheretheliftcurvebreaksmoresharplythan
forthestingmodelin either16-footor8-foottunnel.At supersonic
Machnumbersabove1.02,goodagxementwasshownforbothlargeandsmall
wingsalthoughtheHft curvestendedtobemorelinearatmoderateangles
ofattack.Thisconditionmayhavebeenan effectof.reflectionbythe
tunnelwallsofthemodelshockwavesbackontothemodelbecause,atthe
Machnumber1.12thereflectmifuselage-bowshockwavestilldidnotpass
behindthemodelsintheblowdowntunnel.Thatlargerdifferenceswere
notshownmay,inpart,be attributedtotherectangularshapeofthe
tunneltestsectionsincethereflectionofa conicalwavefroma straight
walltendstobe diffusedwhereasreflectionfroma concentriccircular
wall.,forexample,tendstobe concentrate=,orfocused,atthecenter
line.

Beluwa Machnumberof0.9,theliftslopesforthesemispanmodels
weresomewhatgreaterthanforthe16-foot-tunnelsting-modelresults
(fig.7(a)).Thedifferencesintheliftslopesforthelsrgeandsmall
wingweresmallatsubsonic-Machnumberbutweresomewhatlargeratsuper-

sonicspeeds. %Maximumvaluesof da werereachedat somewhathigher

Machnumbersforthesemispanmodelsthanforthestingmodel.Therea-
sonsforthisresultarenotclesrsinceblockagecorrections,whichare
probablyverysmallforthisnozzle(ref.17),ofthesanesignasfor
anopentunnelwouldbe required.Itmaybe thatthisdelayisin some
wayconnectedwiththewall-mountingtesttechnique.

Pitchingmoments.- Thewing-plus-interferencepitching-momentchar-
acteristicsme shownfortheblowdowntunneldataandthe8-and16-foot

tunnelresults(fig.6(b)). Thecurveslopes%
dC%

agreeverywellat

zeroliftinsofarastheirvariationwithMachnumberisconcerned
(fig.7(b)). Theblowdowntunneldata,however,indicateda slightly
morerearwsrdpositionoftheaerodynamiccenteratsubsonicspeedsand
a slightlymoreforwardpositionat speedsneara Machnumberof 1.0than
didthe16-foot~tunnelresults.

Differenc~intheresultsoftheblowdowntunneltestsandthe
16-and8-foot:tunneltestswereshown~rincipallyinthespeedrange
betweenMachnpmbersofo.9kandl.@. h thisrangenonlinearpitching-
momentVariatio,fisat lowliftcoefficientsoccurredforboththelarge

.

.

M

.

.

c-l

.
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andSmallwings. Thesevariationsappeared
momentcurves,andtheslopesofthecurves

Ii

asshiftsinthepitching-
agreewellwiththoseof

thesting-modeldataatliftcoefficientsbelow0.2andabove0.3. This
center-of-pressureshiftisnotreflectedinthevariationsofbending
momentwithliftcoefficient(fig.6(c))whichappeartobe fairlylinesr.
Thiscenter0$pressure,however,couldhaveshiftedlaterallyasmuchas
isindicatedby thepitching-momentshiftandwouldstillnotbe too
apparentinthecurvesforthevariationof CBti with C~” duetothe
differencesinpitching-momentandbending-momentscalesaswellasdif-
ferencesinmhgnitudesofparametersusedtonondimensionalizethemoments
(5 and b/2). Incrementalcenter-of-pressureshiftsnotedbetweentests
ofthewingintheblowdowntunnelandinthe8-and16-foottunnelsdo
notappeartobe attributabletoboundary-inducedsingleinterferenceor
tunnelflowconditionsbutmayin somewqyresultfroqthewallmounting
techniqueormodelsizerelativetothetunnel.Similarvariationsin
pitchingmmnentatlowliftcoefficients,inthesaneMachnumberrange,
wereshowninreference18forthelargeroftwowall-mounted,sweptback
wings(geometricallysimilertothewingsinthepresentreport)tested
withouta fuselageina slottedtunnel.Thesmallerwing,however,showed
no suchvariationalthoughthewingareawaa12percentofthetunnel
cross-sectionalarea- a valuewhichliesbetweenthe7- and16-percent
valuesforthetwoblowdown-tunnelmodels.

Differencesmayalsobe notedatotherMachnumbersatthehigher
liftcoefficients.AboveM = O.@, theunstablebreakathighlift
coefficientsforthesmallwingwasdelayedandreflecteithediffer- .
encesin liftnotedpreviously.Forthelargewing,aboveM = 0.98,
theunstablechangeinpitchingmcnnentathighliftcoefficientswas
muchmorerapidthanfortheothermodels.Aspreviouslynoted,the
decre=einlift-coefficientslopeattheseMachnumberswasmuchmore
rapidthanwasshownbytheothertests(fig.6(a)).No explsmationfor
thesedifferencesispresentlyavailable.Ingeneral,however,the
blowdown-tunnelresultsshowedgoodagreementwiththetransonic-tunnel
resultsinsofaras liftcoefficientsatwhichinflectionsandrapid
changesinpitching-momentcurvesoccurred.

Dr~.- Thedragdueto lAft(fig.6(d))forthelargewingwasgen-
erallyinbetteragreementwiththesting-modelresultsthanthedrag
forthesmallwing. Goodagreementis shownforthelargewingexcept
atMachnumbersnesr1.0andabove1.o8.Thedr~ valuesreflectthe
differencesin liftbehaviorpreviouslynotedatthehigheranglesof
attack.Znparticular,thelowerdragsshownforthesmallwingathigh
liftcoefficientswerelargelya resultofthelowerangleof attack
requiredto sustaintheliftcoefficients.AthighsubsonicMachnm-
bersnear1.0,lowerdragswereshownforbothblowdown-tunnelmodelsat
liftcoefficientsbetween0.2amd0.6. Itisinterestingto notethat
theselowdragvaluesoccurredatthesameliftcoefficientsandMach
numbersatwhichthelaxgestdifferencesinpitching-momentcoefficients

- .—.- —- .—. __ _ _______ ... .. . .._ ._ ..__
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.
forsting-andwall-mount~modelsoccurred.Cautionmustbe observed
in evaluatingthedragdueto Eft characteristicsatsmallsupersonic
Machnuniberssinceitislmownthatthe8-foot-tunnelresultsare
affectedbywall-reflecteddisturbancesbetweenM = 1.@ and M = 1.10.
However,sincetheresultsfranthe
theresultsfrm the16-foottunnel
taintyisnarrowedconsiderably.

ThevariationtithMachnumber
fuselagealoneorthewing-fuselage

8-foottunnelagreeverywellwith
upto M = 1.06,theregionofuncer-

ofthedragatzeroliftforthe
combinationsufferedfrominadeqyacies

similartothosenotedforsidewallandbumpmodelsinreference19. In
thfsreferenceexcessivelyhighdragvalueswerenotedforthefuselage
andwerebe~evedtobe duelargelytothegapbetweenthefuselageand
mountingsurface.Furthermore,eventhewing-fuselageminusfuselage
dragatzeroliftforsuchmodelswasfoundtobe inaccurateinthetran-
sonicspeedrangeinreference19. Consequently,bag dataforwall-
mountedandsting-mountedmcdelsarecomparedinthispaper,asinref-
erence19,onthebasisoftotaldragminusdragatzerolift.

ReliabilityofTestTechniqueasAppliedto

EXbsrnd+toreTests

Comparisonofwingdataobtainedinthetransonicnozzleofthe
blowdowntunnelwiththatobtainedfora s~lar modelinotherfacilities
indicatedgenerallysatisfactoryagreementexceptintheMachnumberrange
betweenO.* andl.~. Inthisrange,significantquantitativediffer-
enceswerenoted.However,sincetheflowunderthewinglowersurface
isnotasstijectto separationorascriticalto constructiontolerances
astheflowovertheuppersurface,theunder-wingflowfieldshouldmore
nearlyapproachthedesiredcharacteristicsthanisindicatedby the
forcesadmomentdata. Itisthereforebelievedthatreasonablyreliable
resultswereobtainalinthetestsof externalstoresintheunder-wing
flowfieldthroughouttherangeoftestconditionsalthoughsomeuncer-
taintyexistsaboveM = 1.02 becauseofwall-reflecteddisturbances
franthefuselsgeandframthestoreitself.Althoughtheabsolute
valuesofthewingloadsmsyin someinstancesbe opento question,it
appesrsfromthecomparisonsoftheprecdingsection,thattheincre-
mentalchangesinwingforcesandmmnentsduetothepresenceofthe
storeshouldbe reliableexceptatthehighestanglesofattackatMach
numbersabove0.94.Thisconclusionissupportdby thecomparisonof
bothwingandcontrolcharacteristicsofa 600deltawingwitha trsiling-
edgecontroltestedbothinthetransonicnozzleandinfacilitiesessen-
tiallyfreefrombound~ interference(ref.12).

——. —
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AERODYNAMICLOADSONWINGANDON S!IWU3

An indexofthefigurespresentingtheresultsisasfollows:

Figure

Sketchindicatingdirectionsofforcesandmmnentsused
herein.. . . . . . . . . . . . . . . . . . . . . . . . . . . 8.

Forcesandmomentsofthefuselagealone:
C~,~,~dCBfplottd~ti~t~ . . . . . . . . . . . . . 9

Forceandmomentcharacteristicsofwing-fuselagein
presenceof store:
c~~ ~ ~d ~ PIott~%-t ~~th storeat-

Severalverticalpositionsfory = 0.60b/2(nopylon) . . . 10
Twoverticalpositionsfory = o.6ob/2(withpylon) . . . . SL
Oneverticalpositionfory = 0.7n/2(wi.thpylon). . . . . E?
7° storeskewanglefory = 0.60b/2(withoutpylon) . . . . 13

Forceandmcnnentcharacteristicsof storealoneandin
presenceofwing-fuselage:
cN~)%8>”CY~> and~ plottedagainsta forstoreat-

Severalverticalpositions;
Twospanwisepositions;z/d
0° and5° storeskewangle;

ticrementalwhg force,mcnnent,
thepresenceofthestore:

Y = 0.60b/2(nopylon). . . . .
=1.0 (tithpylon). . . . . . .
Y = o.6ob/2(withoutpylon) . .

andslopechangesdueto

14
15
16

against. . . . . . . . . ● ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ 17

ofthestoreinthepresenceForcesadmomentcharact=istics
oftheting-fuselage:
CNS~d ~ (~= 1800,6°)plottedagainstM... . . . . . . .

CysandC% (a
%6 ~d “ns

= 0°,60);and—
h ~ (a= 30)

plottedagainstM 19
%s @d c% plotted&tiJt”a”&’M&”=”o;j “ “ “ “ ● ● . . .
fuselageandlong-nosefuselage(withand

withOri.giml

withoutwing) . . 20

——— —...—.—. .—— ..— .——-. ...-— _ ._ _.
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Thepresenceofthestore,ingeneral,hadonlysmalleffectson
wingnormal-forceAndbending-mamentcoefficientsatanyMachhumber
thepositionstested(fig.17). Theprincipaleffectofthestore
thatofeliminating,or at leastdelayingtoa higherangleofattack,
unstablepitching-mmentbreakatmoderateanglesandsubsonicMach

numbersof0.70to 0.90(figs.10andn). Forthestorepositionadja-

dcenttothewinglowersurfaceat0.60b2 wingpitch-upwaseliminated
at leastupto anangleofattackof 12 . Movingthestoreawayfrm
thewingto z/d= 1.0 (withoutextensionofthepylon)resultedina
returnofthepitch-upcondition(fig.10(c)).Withextensionofthe
pylon,pitch-upagainappearedto’havebeenellminatdat M = 0.75
(fig. n(a)) butwasonlydelayedsmewhatat M = 0.9 (fig.n(b)).
llwenatthelowerMachnumberthepylonalonehadonlysmalleffectson
thewi@ pitchingmoments.Similareffectsof externalstoresonthe
staticlongitudinalstribilityofsweptbacktingshavebeenshowninref-
erences20and21andindicatethatthestoreeffectedanincreasein
“wingsectionloadingjustoutboardofthestoreandreducedseparation
lossesnearthetips.Theseeffectsofthestorewereverysimilarto
thoseofwingleading-edgechord-extensionsandotherauxi~arYdevices
designdto ~11.eviat~m pitch-up(refs.
ofsuchdevices,thestorewasineffective
aboveM = 0.9.

22and23).
indel*

As in‘tiecase
wingpitch-up

StoreLoadE

Thevariationsinstorenormal-forcecoefficientwith a wereRen-
erallynon~nearforallstorepositionstested(figs.1.4to 16). V-q
abruptsmallchangesinnormal-forcevalueBareshownatsmallanglesof
attackatMachnumbersnear1.0forstorepositionsadjacenttothewing
lowersurface(figs.14and16). Theseeffectsofwinginterferenceon
storenormalforcesindicatepossiblelocalchold.ngofthefloworshock-
waveinteraction.Metingthestoreawayfrcmthewingdecreasedthe
interference,andskewingthestorenose50 inboardapparentlyslightly
increasedtheMachnumberatwhichtheseeffectsoccurred(figs.18
and19).

No largeincreasesin storenormal-forcecoefficientwithincreasing
angleofattackwereshownforanystorepositioninthepresenceofthe
wing(figs.14to 16). Iufact,atthehigheranglesofattack,the
normal-forcecoefficientsweregenerallyconsiderablysmallerinmagni-
tudesthanthoseforthestorealone.Furthemnore,_reference20,which
presentsa limitedanalysisofpartofthepresentdata,hasindicated
thatinmaneuveringflightathighaltitudestheinertiaforcesdueto
theweightofa fullfueltankmayconsiderablyoutweightheaerodynamic
normalforces’evenat supersonicMachnumbers,at leastinsofarasthe

.—
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designof structuralsupportsis concerned.However,thenomnalforces
maybe of considerableimportanceintheireffectontheaircraftstabil-
ityoronwingfluttercharacteristics.

Themostsignificantresultsofthisinvestigationareshownby
largenegative(outwardlydirected)side-forcecoefficientsatmoderate
anglesofattackforstoreTositionsimmediatelyadjacenttothewing
lowersurfaceortothelowerendof apylon(fig.15). Dataforthese
storelocationsindicateoutwardsideforcesofverylargemagnitudeat
supersonicspeedsandpresentseriousproblanssincetheforceisinthe
directionof leaststructuralstrengthofthepylon.& pointaioutin
reference24,lsrgeoutwsrdsideforcesatmoderateandhighanglesof
attackshouldnotbe entirelyunexpectedsincetherelievingactionof
thewingtipsonthepressurefieldoftheundersideofthewingina
liftingconditionis suchastoinclhetheflowin anoutwarddirection,
theoutwardinclinationincreasingwithincreasingwingEft. As shown
infigures14to 16,theside-force-coefficientvariationswithangleof
attackwereessentiallylinearthroughouttheangle-of-attackrangefor
allMachnumbers,exceptin a fewinstancesnesraMachnumberof 1.0.

Inreferences6 and24,ithasbeenshownthatthestorelocation
relativetothewinghasa verylargeeffectonthevaluesof Cya but
that,fora givenstorelocation,valuesof Cya arenotgreatlyaffectmi

byvariationinMachnumber.Inthepresentdata,valuesof Cya were
ofthesameorderof_itude atsupersonicspeedsas atsubsonicspeeds
(fig.19). Theeffectsofposition,however,weresomewhatobscured
sincethedifferencesin storepositionshowninfigure19(c)involve
bothspanwiseandchordwisechangesrelativetothewing. Alsoitis
notyetclearhowthevariationsof Cya withpositionareaffectedly

thepresenceof supportingpylons.Ihthepresentinvestigations,values
of Cya areof aboutthesameordm ofmagnitudeforthestoreat0.60b/2

andat0.7%/2inthosecaseswherethestorewasadjacenttothewingor
thelowerendofthepylonandeffectivelyno airgapexistedbetweenthe
storesndtheforwardportionofthewing.Figure19(a)showsthatmoving
thestoreverticallyfrom z = O.’jdsto z = l.Ods (withoutextending
thepylon)reducedvaluesof Cy by about50perc~tthroughoutthe

u
Machnumberrangeofthetests.Additionaldisplacementto Z = 1.5ds
reducedCya onlyslightlymoreat supersonicspeeds.Ibwever,with

thestoreat z = l.Ods,extendingthepylonto a positionverynearthe
store(effectivelyno gap)approximatelydoubl~thevaluesof Cym.
(Comparefigs.19(a)and19(c)).Itappeers,therefore,thatatmoderate
anglesofattackthereareverypowerfuleffectson storesideforceof
restrictinglateralflowbetweenthestoreandthewing,at leastinthe
vicinityofthewingleadingedge.Furthermore,itisprobablethatvery

——— —— — —— -—-- —— - . .—
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largeside-forceloadsmaybe carriedonthepylonitself’.Consideration
oftheseeffectsindicatesthatimportantr~uctionsinstoresideforces
msybe achievedbyproperdesignor locationofthenecessarysupporting
pylon.Of course,locationofthestoreinregionsof lowersideloads
wouldreducethepyloninterferenceeffects;however,aircraftperform-
anceorwingfluttercharacteristicscould,insomecases,dictatestore
locationsinregionsof strongoutflowsuchasapparentlyexistforthe
storepositionsofthisreport.Furtherinvestigationofthepylon
interferenceeffectsonstoresideforceandoftheloadsonthepylons
isthereforenecessazy.

Inan efforttoreducethelargesideforcesatangleofattack,
thestorewasskewed5° (noseinbo’ard)relativetothefuselageaxis.
Figure19indicatesthattheside-forceslopescy& weregenerally
unchangedby so storesideslipangle.Thecurvesat eachverticalstore
position,however,weredisplacdby ansmountequaltotheeffectof
roughly4° changein angleofattack(storeinthepresenceofthewing).
Itmayalso-bepointedoutthatforthestorepositionadjacentto”the
winglowersurface,thechange.inside-force-coefficientvaluesdueto
sideslipanglewasabouttwicethatforthestore-alonesides~pvalues
(whichequalthestore-alonenormal-forcevaluesoffig.14). As the
storewasloweredfromthewingone-halfthestorediameter,however,
(nopylon)theshiftsinsideforceduetosides~panglemorenearly
approachedthestore-aloneside-forcevalueforso sidesl.ip.Eventhough
considerablevariationofside-forcecoefficientwithMachnumberwas
evident,itappearsthatfora givenangleofattack(forexsmple,
a = 6°,fig.19(b))storesideforcescanbeheldtoreasonablevalues
forpracticalstorelocationsovera largerangeofMachnumbersby pro-
perchoiceofthestoresides~pangle.

TheprincipaleffectsofMachnumberonstoresideforcesareshown
inthevariationofthecoefficientsatanglesofattackof0° and6°in
figure19. W general,maximumpositive(inwardflow)orminimumnegative
(outwardflow)valuesofside-forcecoefficientsfora givenstoreloca-
tionorangleof sideslipoccurredatMachnnmbersbetween1.1and1.2.
AtMachnumbersabove1.2,thelargeshiftsinsideforcetowardmore
negativevalueswithincreaseinMachnumber~avated al.r@dycritical
conditionsathighanglesofattack.Considerationofthewingflow
fieldatsupersonicspeedsindicateino reasonforsuchrapidchangesin
sideforcewithMachnuder andita~earedthatthepositionofthe
fuselagenoserelativetothestorewasinvolved.AcconiHngly,thefuse-
lageforebodywasmovedforward0.57(storelength)andlimiteddatawere
obtslnedfortwostorepositionsinthepresenceofthewing-fuselage
combinationandatonestorepositioninthepresenceofthefuselage
alone(fig.20). Forthesto~einthepresen~e
theeffectsoffuselage-nosepositionson store
momentcoefficientsat a = 0° werenegligible

—
ofthefuselagealone,
side-forceandyawing-
belowM = 1.0 butwere

.

,

——— —
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sizableaboveM = 1.0 (fig.20(c)).Theseeffectswereexa&erat&
by thepresenceofthewingat M = 1.96 andextendingthefuselage-
nosepositionresultedin a largereductionintheside-forcechange
withMachnumberaboveM = 1.2. At lowsupersonicspeeds,thediffer-
encesin side-forcecoefficientsshownwereprobablydueto reflection
by thetunnelwallsofthefuselage-bowshockwavesince,at M = 1.2,
thereflect~shockpassesbehindthestoreonlyinthecaseofthe
originalfuselage.At higherMachnumbers,disturbancesfromthefuse-
lageforebodyaffectthestoresideforcesdirectly.Forexsmpie,a>
M= 1.96, thelargenegativeside-forcecoefficientsdppeartoresultfrom
intersectionofthefuselagebowwavewiththe store. Themagnitudeof
thecoefficientswasreducedby50,percentat a = 0° whenthefuselage
forelmdywasextendedsothatthebowwavepassedwellaheadofthestore
nose. (NoterelativepositionofMachUnes infig.20(c).) Theeffect
ofnosepositiononstore’side-forceandyawing-momentcoefficientswas
essentiallyconstantwithangleof attackandtheslopesoftheirvalues
againstangleofattackweregenerallyunaffected(figs.20(a)and20(b)).
Theeffectoffuselage-nosepositionon storenormalforcesand-pitching
momentswassmallandunimportantandthesedata=e notpresent~.

CONCLUSIONS

An investigationoftheaerodynamicforces(exceptdrag)andmoments
onbotha 45°sweptbwkwing-fuselagecouibinationandanexternalDouglas
AircraftCompany(DAC)storeihthepresenceof eachotheratMachnum-
bersbetween0.70and1.96indi~tedthefollowing:

1.Forthepositionstestedjthepresenceof-thestore,ingeneral,
hsdonlysmalleffectsonthewingnormal-forceandbending-mamentcoef-
ficientsatanyMachnunibertested.Theprincipaleffectofthestore
wasthatofdelqfi.ngthewing-fuselagepitch-uptendenc~~.atMachnumbers
between0.70and0.90tohigheranglesofattackinamannershnilsrto
thatof a wingchord-extension.

,:

2.Themostcriticalstore-loadingconditionappearaitobe caused
by thestoresideforce,bothbecauseofitsmagnitudeathighanglesof
attackandbecauseitsdirectionwasinthatoftheleaststructural
strengthofthepylon.Thevariationsof side-forcecoefficientwith
angleof attackwereessentiallylinearandthecurveslopeswereof
aboutthessmeorderofmagnitudeat subsonicandsupersonicspeeds.

3. Theside-forcecoefficientsincreasedveryrapidlyina negative
(outboard)directionwithincreasingangleofattack.Thelargestslopes
of storesideforceagainstsngleofattackwereobtainedwiththestore
adjacenttothewingoran extendedpylon.Removalofthepylon(or
increasingthegapbetweenthestoresmdwing)reducedvaluesofthe
slopesby about50percentthroughouttheMachnumberrangeofthetests;

. -— .. ,—-———- -—--— -—. .——
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thus,importantreductionsin storesideforcesmsybe realizedby proper
designor locationofthenecessarysupportingpylon.

k. TheeffectsofMachnuniber=e shownprincipallyasa displace-
mentofthecurvesof side-forcecoefficientsgainstangleofattack
ratherthanin slopechanges.At supersonicspeeds,increasingMach
numberdisplacdthecurvesnegativelyandtherebyfurtheriricreasedthe
negativeside-forcecoefficientsatthehigheranglesofattack.The
_tude oft~s negative~splwem~t, however,waslargelyinfluenced
by thepositionofthefuselagenoserelativetothestorelocation.

5. Changingthestoreskewanglecauseda displacementofthecurves
of side-forcecoefficientagainstangleofattackandthuspemittedreduc-
tionin sideforcesata givenangleofattack.Theslopesofthecurves,
how&ver,werenotappreciablyaffected.

6. No largeincreasesinthestorenormal-forcecoefficientswere
indicat~withincreaseinangleofattackandMachnuniberforanystore
positiontested.Infact,atthehigheranglesofattack,thenormal-
forcecoefficientsweregenerallyconsiderablylowerthanthestore-alone
values.

7. Qualitatively,theaerodynamiccharacteristicsofthewingplus
interferenceobtainedby useofa shimmedsemispanmodelinthetransonic
nozzlewereinreasonablygoodagreementwiththeresultsobtain~fora
geometricallysimilarfull-spanmodelintheLangley& and16-foottran-
sonictunnels.Quantitatively,significantdifferencesintheresults
wereshown,principallyintheMachnumberrangebetween0.94andl.@+..
fithisrangeandabovea Ilftcoefficientof0.2,thepitching-moment
curvesindicatedthatthecenterofpressurewassomewhataheadofthat
ofthefull-spanmodelandthedragdueto liftwasinpooragreement.
Evidenceofsaneinterferencewasshownintheslopesofthecurvesof
liftcoefficientagainstangleof attackatbothsubsonicandsupersonic
Machnmibers.

LangleyAeronauticalLaborato~,
NationalAdvisoryCommitteeforAerorfautics,

LangleyField,Va.,July26,1955.
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TABLEI.-DIMENSIONSOFTUNNELTESTSECTIONSANDMODEIS

(a)Tunneltestsections

Effectivetest Testsectioncross-
Langleytunnels sectionsize sectionalarea,

Sqft

9- by 12-inchblowdowntunnel 7 in.X 10in. 0.486

16-foottransonictunnel 15.95ftdismeter 199.9

8-foottransonictunnel 7.30ftdiameter 42.9

.

#

-

(b)Ratioofmodel-to-tunneldimensions

Ratioofwingplan-form

Model Tunnel sreaofmodelto cross-
sect;onalsreaoftunnel

testsection

Large Langley9- by 12-inchblowdowntunnel 0.16

Small Langley9- by 12-inchblowdowntunnel 0.07

sting ~ky 16-foottransonictunnel 0.005

sting Langley 8-foottransotictunnel I 0.0233
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Figure20.- Centinued.
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Figure 20. - Concluded.


